Fifteen Hereford and 47 crossbred heifers were allotted by breed and body weight to be artificially inseminated to one of two Angus sires selected for progeny birth weights (L = low; H = high). Forty-two of the heifers were randomly assigned to be slaughtered at 200, 215, 230, 245 or 260 d of gestation for measurement of fetal and placental characteristics. Twenty heifers were allowed to go to term and five calves from each sire group were randomly assigned to be euthanized and dissected within 24 h after birth. Sire differences in birth weight (BW) and dystocia score (32.9 vs 35.4 kg; 1.8 vs 3.1, L vs H sires, respectively) existed (P<.0I), and there was a sire effect (P<.01) for fetal calf weights (FW) and eviscerated calf weights (EW). However, there was a sire • calf sex interaction for BW (P< .05), EW (P< .01), FW (P< .01), femur length (P<.05), heart weight (P<.05), kidney weight (P<.01) and pituitary weight (P<.01). Weight differences suggested these interactions were a result of the relationship of the organ weights to fetal body weights and the interaction effects on calf weights resulted from limitations in the maternal environment which restricted growth of H-sired male calves in utero. Sire • fetal age interaction effects were all nonsignificant (P>.I0) except for cerebrum weight. This finding indicates that fetus and calf growth rates were parallel for the L and H sires. A sire effect was found for biceps (P<.01) and liver weights(P<.01), but not for cerebrum weights (P>. 10). Increasing weight due to fetal age was attributed to hypertrophy for the cerebrum (P<.05) and liver (P--.01). while the biceps increased (P<.05) by both hypertrophy and hyperplasia, as determined from deoxyribonucleic acid and protein analyses. All measured fetal organ weights except heart, when expressed as a ratio with EW, decreased (P<.05) with increasing fetal age. Brain (cerebrum + cerebellum):liver weight ratios were higher (P<.01) in L-sired calves (.32 vs..28) than in H-sired calves. Total placentome weight (b'= 91; P<.01) and placental fluid volume (b'= .32; P<.01) were highly associated with FW, accounting for 84% of the variation in FW. We conclude that fetal growth rates were similar from d 200 of gestation to parturition for the two groups, even though birth weights differed. Thus, genotypic differences affecting birth weight likely were manifested before 200 d of gestation.
Introduction
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Received October 18, 1984 . Accepted December 9, 1985 loss for the cattle industry, and high calf birth weight is a primary causative factor of dystocia (Bellows et al., 1971b; Rice and Wiltbank, 1972; Laster et al., 1973) , Calf birth weight is affected by breed and genotype of sire (Brown and Galvez, 1969; Burfening et al., 1979) , breed of dam (Ellis et al., 1965; Pahnish et al., 1969) , calf sex (Lasely et al., 1961; Ellis et al., 1965) , age of dam (Lasely et al., 1961; Flower et al., 1963) and length of gestation (Anderson and Plum, 1965; Boyd and Hafs, 1965) . Environmental factors that contribute to variation in calf birth weight are: prepartum nutrition level of the dam (Dunn et al., 1969; Corah et al., 1975; Bellows and Short, 1978) , geographical location (Butts et al., 1971; Burfening et al., 1982) and heat stress (Collier et al,, 1982) . Prenatal development of the calf was first characterized by Winters et al. (1942) , Swett et al. (1948) and later by Lyne (1960) and Huminert et al. (1972) . Eley et al. (1978) reported that growth rate of the fetal calf was maximal at 230 d of gestation, and then declined until parturition. Similar results were found by . , using deoxyribonucleic acid fetus and protein:DNA and ribonucleic acid (RNA):DNA ratios, found that both hyperplasia and hypertrophy contribute to growth throughout gestation. However, comparisons between distinct birth weight groups have not been made. Because genotype of sire has a major effect on birth weight, this study was designed to investigate the effect of sire on prenatal development of the calf and related placental characteristics. ~'Average gestation length was 278 d.
Materials and Methods
Nineteen Hereford and 55 paternal half-sib, crossbred (Simmental • varying percentages of Hereford, Angus and Charolais) heifers were allotted by breed and body weight to be artificially inseminated to one of two Angus sires.. Progeny test information indicated that the low sire (L) had a progeny birth weight average of 30.4 kg (American Breeders Service 7 sire registry), and the high sire (H) had a progeny birth weight average of 35.4 kg (Select Sires 7 sire registry). All heifers were maintained together, receiving the same diets and management practices 'throughout the experiment. Fifteen Hereford and 47 crossbred heifers were rectally palpated as being pregnant in the fall (October, approximately 120 d of gestation), of which 42 heifers were randomly assigned to one of five groups for slaughter at 200, 215, 230, 245 or 260 d of gestation. Twenty heifers were allowed to go through parturition with five calves from each sire group being euthanized (lethal dose of sodium pentobarbitol) for dissection within 24 h following parturition. Each of the seven groups (table 1) included at least one Hereford heifer.
7American Breeders Serv.. DeForest, WI 53532; Select Sires, Inc., Plain City, OH 43064. Mention of a trade name, propietary product or specific equipment does not constitute a guarantee or warranty by the USDA and does not imply its approval to the exclusion of other products that may be suitable.
Before initiating the slaughter schedule in December, all heifers were weighed (designated as initial weight; 24-h shrink) and condition scores (1 to 10, average of two independent estimates; Bellows et al., 1982) were determined. Just prior to slaughter, heifer body weight (24-h shrink), condition score and -24 and 0-h blood samples were collected. At slaughter, the hot carcass weight, pregnant uterus and a fetal blood sample (cardiocentesis) were collected. Placental and fetal characteristics determined were: whole and eviscerated fetal weight, placental fluid volume (combined allantoic and amniotic fluid), placenta weight, number and weight of placentomes (maternal caruncle and fetal cotyledon combined), crown-rump length (curved; Lyne, 1960) , femur length and fetal organ weights (trimmed weight). Weights of the following fetal organs were obtained: adrenals, biceps (humoral), cerebellum, cerebrum, heart, kidneys, liver, pituitary and thyroid. The biceps, cerebrum, liver, three largest placentomes and three medium placentomes (30 to 40 g) were immediately frozen ( -27 C) for later protein and DNA analysis.
Before calving commenced, heifer body weights (24-h shrink), condition scores and pelvic areas (Bellows et al., 1971a) were determined. At parturition, calving difficulty was scored from 1 (no difficulty) to 4 (extreme difficulty or cesarean section). Within 1 h after parturition, a blood sample was collected from the calf. Calf weight, head width, heart girth, thigh width and body length (Bellows et al., 1982) were determined within 24 h postcalving, as well as weight and condition score of the dam. Assigned calves were dissected within 24 h of parturition, and the same measurements were taken as described in the fetal calves.
Chemical Analysis. Samples of biceps, cerebrum, liver and placentome were homogenized in 19 v cold physiological saline solution (.9% NaCI in distilled H20) with a Polytron 8 homogenizer for DNA and protein determinations. Deoxyribonucleic acid was extracted and analyzed as described by Munro and Fleck (1969) , using indole (Ceriotti, 1955) with calf thymus DNA as the standard. Protein was determined by the biuret method (Hakkarainen, 1975) , using bovine serum albumin as the protein standard. Blood serum progesterone (P4) concentrations for dam and calf samples were determined by radioimmunoassay as described by StaigmiUer et al. (1979) . Intra-assay and inter-assay coefficients of variation were 11.9 and 20.6%, respectively, for a pool of pregnant cow serum (6.3 ng/ml). Average extraction efficiency was 85.4%; samples were not adjusted for procedural loss. Estradiol-1713 (E 2) concentrations in blood serum were determined by the radiommunoassay described by Anthony et al. (1986) . Intra-assay and inter-assay coefficients of variation were 12.1 and 17.7% respectively, for a pool of late-pregnancy cow serum (148 pg/ml). Extraction efficiency was determined to be 89.1%; samples were not adjusted for procedural loss.
Statistical Analysis. Data were analyzed by least-squares analysis of variance methods (Harvey, 1960 (200, 215,230, 245,260 d or term) as main effects, and the two-way interactions of sire x calf sex and sire x fetal age. The calf sex x fetal age interaction was not fitted because, by chance, only female calves were obtained for the L sire and male calves for the H sire at fetal age 230, which caused confounding of the inverse matrix. Therefore, a third analysis was made using using sire and calf sex as main effects with fetal age as the covariate. Yearling weight of the dam was used as a covariate for dam pre-slaughter weight and carcass weight. Standard partial regression coefficients (Steel and Torrie, 1960) , pooled over sire, sex and fetal age, were tested for heterogeneity and calculated to evaluate effects of total placentome weight, and placental fluid volume (independent variables) on calf birth weight (dependent variable).
Results and Discussion
Heifers were allotted to the two sire groups by breed and weight before breeding (yearling weight); but due to the heifers that were not pregnant in the fall, body weights of the pregnant heifers were not equal (334 vs 349 kg, L sire vs H sire, P--.09; 334 vs 350 kg, male vs female fetuses, P--.07; error mean square [EMS] = 1,139.2). Yearling weight of the dam was an important (P<.01) linear covariate affecting dam initial weight, pre-calving weight, post-calving weight, pre-slaughter weight and carcass weight, and was included in the appropriate model for all of these response variables. The initial, pre-calving and post-calving weights, condition scores and pelvic areas are presented in table 2. Initial dam weights and condition scores were not affected by sire (P>.10), but dams carrying male calves were heavier (399 vs 391 kg; P--.02) than dams carrying female calves. Including calf gestational age in the model as a covariate removed this sex effect on initial weight of the dam. There were no sire effects (P>.I0) on pre-calving or post-calving characteristics of the dam. There was a sire x calf sex interaction (P<.01) for pre-calving weight of dams allowed to go to term (472 vs 436 kg, male vs female for L sire; 442 vs 443 kg, male vs female for H sire). The number of animals in these groups was small (table 2), but inclusion of calf gestationai age ~rhe scale for condition scores ranged from I (thinnest) to 10 (fattest) and were the average of two independent estimates. hAll comparisons (P>.I0). in the statistical model as a covariate removed (P>.10) this interaction. Table 3 summarizes the calf birth weights, body measurements, calving difficulty scores and gestation lengths for those calves allowed to go through parturition. The sire and calf sex differences in birth weight were highly significant, but there was a sire x calf sex interaction (P<.05) for calf birth weight, which was not removed by adding gestation length (linear, P>. 10: EMS = 7.16), dam post-calving weight (quadratic, P<.05; EMS=5.20) or yearling weight of the dam (quadratic, P<.01; EMS=4.78) as covariates in the analysis. Bellows et al. (1971b) reported calf birth weight to be positively correlated with body weight of the dam at the end of the breeding season, at midgestation, and just before calving, which could explain the significance of the covariates, yearling weight and post-calving weight of the dam. A possible explanation for this interaction is that the male calves from the H sire were not able to express their full genetic growth potential due to some limiting factor in the uterine environment, therefore, not allowing birth weights of male and female calves to differ as with the L-sire group. Head width was greater (P<.01) in L-sire calves, and thigh width was greater (P<.05) in male calves (table 3) . Calf heart girth, body length and gestation length were not affected (P>.I0) by sire or sex, and there were no significant sire • sex interactions for these traits. Calving difficulty scores were greater (P<.01; table 3) for H-sire calves, and the incidence of calving difficulty was also aCalf sex and sire effect on birth weight (P<.01).
bCalving difficulty was scored from 1 (no assistance) to 4 (extreme difficulty or cesarean section).
cSire • calf sex interaction (P<.05).
dSire effect (P<.01).
eCalf sex effect (P<.05). t'I'he scale for condition score ranged from 1 (thinnest) to 10 (fattest) and represents the average of two independent estimates.
CFetai age effect (P<.01).
greater (91% vs 55%; P--.07) for H-sire calves. The effects of sex and the sire • sex interaction on the incidence or severity of calving difficulty were not significant. The sire effect on calving difficulty score was reduced (2.0 vs 2.8, L sire vs H sire; P--.09) by adding calf birth weight in the statistical model as a linear covariate (P--.04; EMS = .69). The influence of calf birth weight on severity of calving difficulty has been reported earlier (Bellows et al., 1971b; Rice and Wiltbank, 1972) and was reviewed by Price and Wiltbank (1978) .
Adjusted pre-slaughter weights, condition scores and adjusted carcass weights of the dams, adjusted for yearling weight, are presented in table 4. Use of yearling weight of the dam as a linear covariate (P<.01) removed all sire and sex effects on pre-slaughter weights and carcass weights. There was a fetal age effect (P<.01) on both pre-slaughter and carcass weights; therefore, the dams were gaining weight beyond that attributable to the conceptus, indicating the dams were in a positive nutrient balance.
Fetal calf weight, eviscerated calf weight, and crown-rump, length data are summarized in table 5. For tabular listing, calves that went to term were classified as a gestational age of 278 d, which was the overall mean gestation length, since gestation length was not affected (P>.10; table 3) by sire or calf sex. There was a sire and sire x calf sex interaction (P<.01) for fetal and eviscerated calf weights, which is in agree- ment with the differences found for calf birth weight. These differences may also be due to male calves from the H sire not being allowed to express their full genetic growth potential due to limitations in the uterine environment. This possibility will be discussed later.
There was a sire x sex interaction (P<.10) for crown-rump length; however, when fetal weight was used as a linear covariate (P<.01; EMS = 11.8) in the analysis, the interaction was no longer significant. There also was a sex effect (90 vs 87 cm; male vs female, P<.01) on crown-rump length, which remained significant after adjusting for fetal weight. Hubbert et al. (1972) did not detect breed or sex differences in crown-rump lengths.
The sex x fetal age and sire • sex x fetal age interactions could not be obtained for reasons explained earlier and the progression through late gestation of fetal or eviscerated weights by those classifications could not be examined using the current statistical model. Since all sire • fetal age interactions were not now significant, which indicated parallel growth rates, we believed this required further analysis. Therefore, fetal calf and eviscerated weights and crown-rump lengths were also analyzed by least-squares analysis (Harvey, 1960) , using sire and calf sex as the main effects, obtaining the two-way interaction, and using fetal age as the covariate. Fetal age was an important (P<.01; EMS=27.0) quadratic covariate on fetal calf weight; all quadratic subclass regressions of sex x fetal age, sire x fetal age, and sire x sex • fetal age were nonsignificant following this adjustment. Because analyses using both statistical models gave similar results regarding fetal growth, it was concluded that the growth patterns of these characteristics were parallel between the two sire groups. Peak fetal growth rate for calves has been reported to occur at 230 d of gestation (Eley et al., 1978; . Eley et al. (1978) detected sex-of-calf differences in fetal weight before 100 d of gestation, and there was no evidence that the regression equations for fetal weight, 100 to 280 d of gestation, were not parallel. From the data presented here and that of Eley et al. (1978) , we conclude that differential growth rates, due to sex or genotype, occur before 200 d of gestation, possibly as early as d 100, and then are similar until parturition.
Calf femur lengths and organ weights are presented in table 6. Sire of calf had an effect on biceps (P<.01), liver (P<.01) and thyroid (P<.05) weights. Average cerebrum weights tended to be heavier (P_-.07) in male calves (135.1 va 128.1 g) than in female calves. All measured fetal characteristics (table 6) increased (P<.01) with increasing fetal age; however, kidney, liver and thyroid weights appeared to plateau or decrease from d 260 to parturition. This change may indicate that these organs, which are actively involved in metabolic processes, were undergoing some alterations or changes immediately preceding parturition. The fetal organ weights reported here are in agreement. with those reported by Hubbert et al. (1972) .
Sire x sex interactions were found for femur length (P<.05) and for heart (P<.05), kidney (P<.01) and pituitary (P<.01) weights (table 6). Because of the possible relationship between organ weights and fetal weight, ratios of organ weight to eviscerated fetal weight were calculated. Eviscerated fetal weight (EW) was chosen to remove possible variation due to gastrointestinal tract contents. These ratios are presented in table 7. All of the ratios decreased with increasing fetal age, except the heart weight:EW ratio. Therefore, the heart, although increasinng in weight with increasing fetal age, essentially maintained a constant relationship with body weight while the other organs appeared to grow at a slower rate than did body weight. This finding is in agreement with data reported for the fetal cat (Latimer, 1948) but does not mean that all organs are growing slower than the body as a whole. The increase in fetal weight during this time may result from increased muscle and bone mass. Since the only muscle and bone changes studied were the biceps muscle weight and femur length, conclusions cannot be made from these data on how the combination of all muscle and bone growth relates to overall fetal growth. A sire x fetal age interaction (P<.05) and sire effect (P<.01) were found for the cerebrum weight:EW ratio. There was no sire effect on cerebrum weight (table 6) but there were differences in EW (table 5), which may have caused this interaction. The sire x sex interactions found for femur length and heart, kidney and pituitary weights (table 6) were not present (P>.10) when organ weights were expressed as a ratio to EW, indicating that those interactions were caused by the relationship of the organ weight to fetal body weight (table 5) , where a significant sire • sex interaction was also found. Sire effects were still present for femur length (P<.05) and biceps weight (P-_ .07) when expressed as ratios to EW. A sex effect was also detected for the femur length:EW ratio (P<.01). These fetal organs may be more indicative of a causative effect on body weight than the other fetal organs; therefore, sire effects were still detectable in the ratio data. Cerebellum and pituitary weight:EW ratios were affected by sire (P_-.06 and P<.01, respectively) and by sex (P<.01 and P<.05, respectively), but not when expressed as weights.
Increases in organ weight accompanied by increased DNA content represents growth due to increasing cell numbers (hyperplasia), while increases in weight with increases in protein:DNA ratio indicate growth due to cell size or hypertrophy (Winick and Noble, 1965) . Data from the analyses of biceps, cerebrum and liver DNA and protein content are presented in table 8. Increasing weight of the biceps with increasing fetal age was due both to hypertrophy (P< .05) and hyperplasia (P<.05). This agrees with data for the fetal calf semitendinosus and the fetal lamb gastrocnemius (Rattray et al., 1975) muscles. Hyperplasia in these cases may be attributed to increased cellular nucleation inherent with muscle fiber as opposed to a true hyperplasia or cell replication. Muscle fiber hyperplasia ceased at approximately d 70 of gestation in the fetal pig (Swatland, 1973) , while in the fetal lamb (Ashmore et al., 1972) no new 13 fibers were found beyond d 50, and the increase in ot fibers peaked at d 100 and had nearly ceased by d 140. There were no sire (P>.I0) effects on biceps DNA content or protein:DNA ratios; however, there tended to be a sire difference in protein content (P--.06), indicating that there may have been small differences in chemical composition associated with weight differences that were not detected by the procedures used in this study. Ezekwe (1982) found differential responses of the fetal pig semitendinosus and gastrocnemius muscles to prenatal nutritional deficiencies. This finding indicates a need to study more than a single muscle and might explain why we did not see more sire effects on muscle composition.
Fetal age changes in cerebrum weight (table 8) appeared to be due to hypertrophy (P<.01) alone. This is in contrast to results of studies on the fetal brain of sheep (Rattray et al., 1975) , humans (Winick, 1968) and rats (Winick and Noble, 1965) where cellular hyperplasia continued during development. High values for cerebrum DNA content from one H-sire fetus at d 200 and one L-sire fetus at d 260 may have inflated the variation and means for these gestational ages to the extent that the statistical analyses could not detect a gestation age in- observed decreasing DNA concentrations (mg/g tissue) in fetal calf liver with increasing gestational age. We also observed a similar decline (P<.01) in DNA concentration. hypothesized that fetal liver was in a state of hyperplasia throughout gestation, but they did not have liver weights to allow calculation of total DNA content. Our data do not substantiate that hypothesis. Hakkarainen (1975) and Hill (1975) , working with the pig and the rhesus monkey, respectively, observed increasing liver DNA content into postnatal life. However, from d 70 of gestation to parturition in the monkey, DNA content plateaued and then increased after birth. These are comparable gestational ages to those of the fetal livers we examined, and a plateauing could explain why we did not detect a gestational age effect on liver DNA content (table 8) . Dick (1956) suggested that the number of hepatic cells in the fetal lamb, relative to body weight was directly proportional to the fetal growth rate. It is interesting that the highest DNA content found in the present study occurred on d 230, which is the age that peak fetal growth rate reportedly occurs (Eley et al., 1978; .
It seems that fetal organ weights and body weights are closely related, but cause and effect have not been established. The relationship between organ weights and body weight might be used as an indicator of fetal growth rate. Koritnik et al. (1981) reported higher brain (cerebrum + cerebellum):liver weight ratios in intrauterine-growth-retarded lambs when compared with control lambs. In the present study, L-sire calves had higher (P<.01, EMS=.0018) brain:liver weight ratios (.32 vs .28) than did H-sire calves, and the ratio decreased (P<.01) with increasing fetal age. Apparently, the brain is less affected by factors resulting in differential fetal growth rates than is the liver, but whether this ratio is an accurate measure of growth rate is unknown.
Plasma concentrations of E2 have been associated positively with calf birth weight (Erb et al., 1982) and with calf sex (Chew et al., 1978) , with dams carrying a male calf having higher E 2 concentrations than dams carrying a female calf. Sire and sex had no effect (P>.10) on cow (EMS = 169) or calf (EMS = 289 pg/ml) serum E2 concentrations in this study, but both cow (P<.01) and calf (P<.01) E 2 concentrations increased with increasing fetal age. Cow (P>.10; EMS=9.59 ng/ml) and calf (P>.I0; EMS=.02 ng/ml) serum P4 concentrations were not affected by sire, sex or fetal age (d 200 to d 260). The differences reported by Erb et al. (1982) and Chew et al. (1978) were found in blood samples that were obtained closer to parturition and with more frequent sampling, which might explain the discrepancy with our results.
Placental characteristics are summarized in table 9. A sire • fetal age interaction (P<.05) was detected for placenta weight and total placentome weight. It appeared that the L-sire group did not increase as fast or as consistently as did the H-sire group. Both average placentome weight and placental fluid volume were affected by sire (P<.01) and by fetal age (P< .01). Placentome number was not affected (P>.10) by sire, sex, or fetal age, nor were any of the other chartacteristics affected (P>.10) by calf sex. Expressing either placenta weight or total placentome weight as ratios to EW removed the sire • fetal age interaction (P>.10). Total placentome weight:EW ratio was affected by sire (P<.05; EMS=906) and sex (P<.05), and placenta weight:EW ratio also was affected by sex (P--'.01; EMS = 1,468). Sire effects have been detected for dry weights of cotyledons and total placenta weight at parturition (Head et al., 1981) , did not detect differences in cotyledon weight, placenta weight or fetal fluid weight due to sex; but they did not account for fetal weight differences in their statistical model. The ratios of placenta weight, total placentome weight, average placentome weight and fluid volume to EW all decreased (P<,01) with increasing fetal age, indicating a slower rate of growth relative to fetal body weight, which is in agreement with the data of .
The three largest placentomes and three placentomes randomly selected from those in the 30-to 40-g range for each heifer were analyzed for protein and DNA content. DNA content increased with fetal age (P<.05; EMS = 26,277) and was greater in the H-sire group (P<.01; 557 vs 409 mg) for the largest placentomes (mean of three largest for each heifer). The protein:DNA ratio was not affected by sire or fetal age (P>.10; EMS =49.9), indicating that growth of these placentomes was due to hyperplasia and not hypertrophy. There were no sex effects (P>I.0) for the large placentomes, and no sire, sex or fetal age effects (P>. 10) for the medium placentomes on DNA content or protein:DNA ratios. The largest placentomes were heavier (P--.01: EMS= 1,685) from the H-sire group (152.5 vs 117.1 g), but the medium placentomes were similar (P--.09; EMS=27.6) between sires (33.4 vs 30.4 g; H sire vs L sire).
Standard partial regression coefficients were calculated using fetal weight as the dependent variable and total placentome weight and fluid volume as independent variables. Heterogeneity of variance for these variables over fetal age was not detected (P>.IO), therefore, the data were pooled over fetal age to calculate the coefficients (table 10) . The effect of total placentome weight was approximately three times more important than fluid volume. The R 2 value for total placentome weight and fluid volume on fetal weight was .84 (P<.01), indicating that 84% of the variation in fetal weight could be accounted for by these two characteristics. The influence that the placenta has on fetal growth has been demonstrated by reducing the number of maternal caruncles (Alexander, 1964) , embolization of the uteroplacental vascular bed (Creasy et al., 1972) in sheep, or by reducing inter-placental blood flow in the rhesus monkey (Hill et al., 1971) . The relationship between fetal growth and placental mass and functionality could explain why the sire • sex interaction (P<.01; 
